The fundamental architecture of plants is set up early in embryogenesis when the apical-basal and radial developmental axes are established and the root and shoot meristems are formed. The developmental axes are elaborated throughout plant development as the meristems continue to perform their dual functions of self-maintenance and the partitioning of organ primordia and tissue initials.
Data from several different kinds of analysis point toward a functional and, in some plant species, structural zonation of the meristem (reviewed in Steeves and Sussex, 1989; Hara, 1995; Meyerowitz, 1997) . The undifferentiated cells in the center of the meristem constitute the engine that drives its continued propagation. By contrast, the developmental potential of cells flanking this central zone becomes progressively restricted as they are periodically set apart to form organ and tissue primordia.
What is the nature of the mechanisms that control the initiation of organ primordia on the flanks of the shoot apical meristem (SAM)? How are shoot organ number and identity specified? How are cell division and cell expansion regulated so that organs, once initiated, develop into discrete structures? Are these mechanisms similar throughout development, or, for example, does the control of organ initiation in the embryo differ from that in the flower?
One approach toward understanding the mechanisms that control the initiation and specification of organ identity is to identify and characterize mutants with defects in these developmental events. Indeed, a large number of mutations that affect floral organ number and identity have been described, particularly in Arabidopsis and Antirrhinum (Weigel, 1995) , and an overlapping collection of mutants with major defects in embryo morphology have been identified in several plant species (reviewed in Clark and Sheridan, 1991; Laux and Jürgens, 1997) .
The pleiotropic phenotypes of many of these mutants have complicated efforts to identify mutations that specifically affect meristem formation and organ initiation in the embryo. In particular, little is known about the control of cotyledon number and spacing. This is an important issue because there is considerable evidence from both morphological (e.g., Kaplan, 1969) and molecular (e.g., Smith et al., 1995; Long et al., 1996) analyses that cotyledons constitute the first products of the embyonic SAM (reviewed in Kerstetter and Hake, 1997). Thus, unraveling the mechanisms through which cells at the apex of the embryo are partitioned into cotyledon primordia is likely to provide some insight into the iterative process of organ formation at the SAM that occurs throughout plant development.
In their pursuit of genes affecting organogenesis, Aida et al. report on pages 841-857 of this issue their identification of an Arabidopsis mutant with defects in organ initiation and separation in both the embryo and the flower. The authors show that, when they are combined, mutations at the cucl and cuc2 loci lead to the formation of the ap-shaped cotyledon structure depicted on the cover.
Aida et al. also demonstrate that although cucl cuc2 double mutants fail to organize a SAM during embryogenesis, the CUC genes are not absolutely required for SAM formation because cucl cuc2 embtyos can be induced to form shoots in culture. These shoots do not appear to exhibit any gross defects in phyllotaxy (i.e., the arrangement of lateral organs around the stem). However, many of the flowers that form on the cucl cuc2 shoots have incompletely separated third-whorl organs. Thus, the cuc mutations appear to specifically affect those whorls in which more than one organ is initiated at the same time.
Despite the profound developmental consequences of combining the two cuc mutations, Aida et al. show that the embyo and flower phenotypes of the single cucl and cuc2 mutants are barely detectable and, in fact, would probably have been missed in the original screen. This indicates that the functions of the CUCl and CUC2 gene products in partitioning cells into organ primordia are largely redundant in Arabidopsis.
The first indication of a problem in cucl cuc2 embryos is at the cotyledon initiation stage. Aida et al. show that instead of initiating bilaterally as two discrete "bumps" on the flanks of the triangular embyo, cucl cuc2 cotyledons initiate as a "doughnut-shaped" structure that rings the apex of the embryo. Although it is possible that this structure represents a single, anular cotyledon, several of its features point toward an alternative explanation. For example, from its inception opposite sides of the doughnut-shaped structure are somewhat raised. This early bilateral symmetry is maintained as the vasculature of the resulting cup-shaped structure develops, suggesting that two individual cotyledons are in fact initiated at the apex of the embryo.
If the cuc mutations do not affect the number of cotyledons that are initiated, they must interfere with the subsequent propagation of cells in the emerging cotyledon primordia. For example, they may interfere with signaling systems that spatially restrict cell divisions in the enlarging cotyledon primordia or that prevent intervening cells from becoming incorporated into the incipient organs. Short-range signaling has been
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proposed to influence the specification of cotyledon identity in precociously germinating embryos of Brassica napus (Fernandez, 1997) .
Alternatively, the cuc mutations may cause an increase in the number of cells that are allotted to each primordium, such that most of the cells in the embryo apex are consumed as the cotyledons are initiated. This could leave too few cells at the center of the apical region of the embryo for the continued differentiation of the SAM, which would explain the frequent lack of an organized SAM in cucl cuc2 embryos.
Aida et al. also report that the sequence of the CUC2 gene, which they isolated following the identification of a transposon-tagged .allele of cuc2, is similar to that of the petunia gene no apical meristem (nam). Like the CUC genes, nam is also involved in the control of organ initiation and separation in both the embryo and the flower (Souer et al., 1996) , although the cucl cuc2 and nam-phenotypes are somewhat distinct (Aida et al., 1997) . The nam gene is expressed in "stripes" at the apex of the embryo and in the floral meristem. These stripes appear to define boundaries between presumptive organ primordia (Souer et al., 1996) .
The deduced amino acid sequences of nam and CUC2 are most similar in an N-proximal domain that includes a high percentage of charged residues, although Aida et al. also point out some shared blocks of sequence toward the C termini of the two proteins. A similar domain has also been found in two presumptive Arabidopsis transcriptional regulators and in expressed sequence tags from Arabidopsis and rice (Souer et al., 1996; Aida et al. 1997 ). However, this domain has not been found in nonplant sequences in the databases, suggesting that the roles of the corresponding proteins are unique to plants.
CUC2 and nam appear to be members of small gene families in Arabidopsis and petunia, respectively. In this regard they are similar to a large family of genes, termed the MADS box genes, which play prominent and sometimes overlapping roles in plant development (Weigel, 1995) . Although it has not been cloned, it is possible that the CUCl gene also encodes a related protein. If so, and the sequences of CUCl and CUC2 turn out to be similar throughout, the functional redundancy of the two CUC genes may be explained.
Genetic redundancy is often associated with genes that are members of families andlor that have pleiotropic effects when mutated. The redundant genetic control of developmental pathways is common in animals, and some of the MADS box genes controlling meristem determinacy and floral organ development in plants have partially or completely overlapping functions (reviewed by Pickett and Meeks-Wagner, 1995) . However, the finding that CUCl and CUC2 direct redundant functions during embryo development is novel. If redundancy does, in fact, turn out to be a common feature of genes regulating embryogenesis in Arabidopsis, it may help to explain why mutations that specifically affect embryo development have not been easy to identify.
In addition to indicating that the CUC genes are functionally redundant, the incomplete penetrance of the cuc mutations and their variable and pleiotropic phenotypes suggest that the developmental pathway in which they participate is also modulated by hormones. A number of studies have indicated that inappropriate amounts and/or transport of auxin and cytokinin have profound effects on cotyledon initiation and development. For example, in the presence of auxin transport inhibitors, cultured Brassica juncea (Indian mustard) embryos often form incompletely separated cotyledons that develop into a cup-shaped structure reminiscent of that formed by the cuc7 cuc2 mutant (Liu et al., 1993) .
There is also compelling genetic evidente that auxin and cytokinin regulate cotyledon initiation. Like the cuc7 cuc2 mutant, the Arabidopsis pinformed mutant, which exhibits deficiencies in the polar transport of auxin, produces cotyledons that often fail to separate (Okada et al., 1991) . A second Arabidopsis mutant, pinoid, which frequently produces cotyledons in whorls of three, also exhibits defects in auxin transport (Bennett et al., 1995) , and extra cotyledons are formed by the altered meristem programl mutant, which has elevated shoot cytokinin levels (Chaudhury et al., 1993) . Among its other effects, the pleiotropic tobacco mutation Zea3 perturbs cotyledon development and conditions resistance to cytokinin (Faure et al., 1995) . By crossing the cuc mutants with the above-mentioned Arabidopsis mutants, Aida et al. may gain some insight into the genes with which CUCl and CUC2 interact during cotyledon and floral organ initiation. Moreover, they will also be able to test genetic interactions between cucl cuc2 and the extensive collection of Arabidopsis embryo-defective and floral organ specification mutants. For example, if the cucl cuc2 phenotype results from a deficiency in the number of cells that are partitioned into a cotyledon primordium, it may be masked in mutants, such as clavatal, that exhibit a marked increase in SAM size and cell number (Clark et al., 1996) .
Why do the cuc mutations most profoundly affect whorls in which more than one organ is initiated at the same time? This is one of the more interesting questions raised by the work of Aida et al. and it impinges on the more fundamental question of how organ primordia are specified. Do the CUC proteins and others involved in organ initiation and meristem maintenance produce, integrate, or propagate signals that "tell" individual cells where they are and whether andlor how to differentiate? What is the nature of these signals? Are the local changes in mechanical tension that take place as an organ primordium is established somehow interpreted to trigger the initiation of subsequent pri-LETTER TO THE EDITOR mordia in the right place and at the right time (Hernández and Green, 1993; Green et al., 1996) ? Or are developmental cues derived from more mature tissues, as appears to be the case in roots (reviewed in Shiefelbein et al., 1997) ? Finally, what are the roles of auxin and cytokinin in the initiation and enlargement of shoot organ primordia? Answers to these questions may take some time to formulate, but the ongoing analysis of the CUC genes and their relatives in Arabidopsis and petunia will make a substantial contribution to this effort.
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